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ABSTRACT 
The process of generating an initial prototype for a new 
dry electrode wearable EEG headset system design can be 
time and resource intensive. The ability to predict the 
mechanical and electrical characteristics of this recording 
device could lead to major cost savings in this process. 
Since the skin surface roughness has a deep impact on the 
decrease of brain electric contact conductance (or the 
increase of the contact impedance) when electrode with 
bristles contact scalp skin, the estimation of electric 
conductance across rough dry and wet boundaries is a 
challenging task in the designing optimization of the 
wearable EEG headset system. In this contribution, the 
contact mechanism to predict the electrical impedance of 
scalp skin pressed against the electrode is considered as 
the electrical connection by the mechanical contact. With 
this, we have extended the Pohrt and Popov model by 
including the effects of conductive gel. An experiment is 
developed and carried-out to validate the interfacial 
contact impedance model. 
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1. INTRODUCTION 
 
When an electrode’s bristles and scalp skin are squeezed 
into contact, brain electrical activities of a few microvolts 
(5 to 100 V ), called EEG signals, are passed from the 
skin to the electrode [1, 2]. As the electrode’s bristles and 
scalp skin surfaces are pressed together, the skin’s soft 
surface is squashed flat elastically by the contact pressure, 
so that perfect or full smooth contact is observed by the 
naked eye through the nominal contact area 0A . In reality, 
the perfect contact never exists, skin micro-scale surfaces, 
no matter how carefully prepared, always contain surface 
roughness (hills and valleys) or deviations which are 
largely compared to an atomic-size and are often called 
surface asperities [3, 4]. The roughness on the skin 
surface causes the contact to be restricted to a set of 
micro-contact spots, randomly distributed on the apparent 
contact area. The sum of all these areas constitutes the 
real (true) area of contact, rA , which is a small fraction of 
apparent or nominal area 0A  [5, 6].  
If we now conduct the brain electrical transfer as 
function of applied pressure from the scalp skin to the 
electrode’s headset, the ion current from the brain is 
restricted to flow through the micro-contact spots. 
Constriction of the electrical current by spots reduces the 
volume of material used for electrical conduction, 
significantly decreasing the expected contact conductance 
or increasing the contact impedance beyond the case of a 
fully conducting contact area [5]. In the case of this study, 
the contact conductance between electrode and skin must 
be increased (or decreased the contact impedance) as 
much as possible in order to avoid artifacts and record 
better quality brain signals.  
The importance of the prediction of the electrical 
contact conductance as function of applied pressure has 
been clearly recognised since the earliest studies on 
contact mechanics [7, 8]. Contact mechanics modelling of 
this kind has focused on lightly loaded rigid solid contact 
interface. However, for a soft solid having a randomly 
rough surface (like skin) pressed against a flat rigid solid, 
the mechanical analysis for self-affine using the finite 
element method (FEM) has contributed to identifying the 
real contact area [9, 10] and stiffness change of the 
contact [11, 12], which can be interpreted in terms of 
contact conductance as a function of the applied load NF  
[13, 14]. 
In this contribution, the prediction of electrode-scalp 
electrical contact conductance (or contact impedance) is 
examined. For simplification, the contact mechanism of 
scalp skin pressed against the electrode is considered as 
the electrical connection by the mechanical contact. Thus, 
in order to predict contact conductance, the interfacial 
contact is separated into two parts: mechanical contact 
and electrical connection. For mechanical contact 
analysis, a new normal force-displacement approach 
based on the micro-mechanical studies is developed for 
analyse of the non-linear electrode-skin contact interface 
problem with “high contact precision”. Finite element 
method (FEM) was well used to account for the geometry 
of the device and for predicting the interfacial non-
uniform pressure distribution when the headset-electrodes 
block is pressed on the skin scalp under a constant loading 
pressure.  
For the electrical contact conductance modelling, this 
work adopts the models presented in [15] to predict the 
interfacial normal contact stiffness and contact 
conductance when the dry electrode is pressed on the 
scalp skin. After the dry contact calculation, conductive 
gel (paste) with a given thickness is introduced to cover 
the deformed rough surface and improve the conductance. 
In this paper, we have extended the Pohrt and Popov 
model [15] by including the effects of conductive gel.  
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An Electro-Mechanical Contact Formulation for Dry/Wet Electrode-Scalp Interfaces in an EEG Headset
Vangu Kitoko, Tuan N. Nguyen, and Hung T. Nguyen
Keywords
Bristle electrode, Wearable EEG headset, Skin roughness, scalp
Abstract
The process of generating an initial prototype for a new dry electrode wearable EEG headset system design can be time and resource
intensive. The ability to predict the mechanical and electrical characteristics of this recording device could lead to major cost savings in this
process. Since the skin surface roughness has a deep impact on the decrease of brain electric contact conductance (or the increase of the
contact  impedance)  when electrode  with  bristles  contact  scalp skin,  the  estimation of  electric  conductance  across  rough  dry  and  wet
boundaries  is  a  challenging task  in  the designing  optimization of  the  wearable  EEG headset  system.  In  this  contribution,  the  contact
mechanism to predict the electrical conductance of scalp skin pressed against the electrode is considered as the electrical connection by the
mechanical contact. For mechanical contact analysis, a new normal force-displacement approach based on the micro-mechanical studies is
developed for analyse of the non-linear electrode-skin contact interface problem with “high contact precision”.  For the electrical  contact
conductance modelling, in this paper, we have extended the Pohrt and Popov model by including the effects of conductive gel. An experiment
is developed and carried-out to validate the interfacial contact impedance model.
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PuRPOSE
With the aid of engineering and information technology, biomedical 
engineering has emerged as a high-tech field, generating innovation 
in such areas as medical imaging, bioinformatics, MEMS, sensors 
and nanotechnology, new biomaterials, regenerative medicine and 
tissue engineering scaffolds, medical robotics, and neurobiology. 
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brain matter.
IASTED’s 10th International Conference on Biomedical Engineering 
will bring together leading experts in the key interdisciplinary fields of 
biomedical engineering. 
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Innsbruck has always been valued as a European treasure by monarchs 
and civilians alike, and today remains a tourist favourite for its charm, 
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Dr. Marie-Noëlle Giraud - University of Fribourg, 
Switzerland 
Prof. Christian Hellmich - Vienna University of 
Technology, Austria 
Prof. Hans Van Oosterwyck - KU Leuven, Belgium 
Prof. Nenad Filipovic - University of Kragujevac, Serbia 
Dr. Stefan Scheiner - Vienna University of Technology, 
Austria 
 
INTERNATIONAL PROGRAM COMMITTEE 
D. Abasolo – University of Surrey, UK 
A. Baca – University of Vienna, Austria 
E. Blangino – University of Buenos Aires, Argentina 
N. Botros – Southern Illinois University at Carbondale, 
USA 
M. Brandl – Danube University Krems, Austria 
K. Camilleri – University of Malta, Malta 
K. S. Cheng – National Cheng Kung University, Taiwan 
A. Choubey – Palmaz Scientific, Inc., USA 
K. Cieslicki – Warsaw University of Technology, Poland 
O. Ciobanu – Gr.T.Popa University of Medicine and 
Pharmacy, Romania 
D. Coca – University of Sheffield , UK 
A. Fenster – The University of Western Ontario, Canada 
S. Finkelstein – University of Minnesota, USA 
J. Fisher – University of Leeds, UK 
J. M. Fonseca – UNINOVA, Portugal 
T. Fukuda – Nagoya University, Japan 
K. Höller – Friedrich-Alexander-Universitaet Erlangen-
Nürnberg, Germany 
J. Hong – Korea University, Korea 
J. Hornegger – Friedrich-Alexander-Universität Erlangen-
Nürnberg, Germany 
R. Hornero – University of Valladolid, Spain 
Y. J. Hu – National Chiao Tung University, Taiwan 
I. Ibraheem – Damascus University, Syria 
H. Jiang – University of Florida, USA 
R. Kiss – Budapest University of Technology and 
Economics, Hungary 
G. Kontaxakis – Universidad Politécnica de Madrid, Spain 
B. D. Kuban – Cleveland Clinic Foundation, USA 
J. J. Lee – National Yang Ming University, Taiwan 
N. Lovell – University of New South Wales, Australia 
K. G. Neoh – National University of Singapore, Singapore 
D. Ng – National ICT Australia, Australia 
A. G. Patil – S.B.M. Polytechnic, India 
T. Podder – University Hospitals Case Medical Center, 
USA 
J. Ren – Liverpool John Moores University, UK 
R. Ron-Angevin – University of Malaga, Spain 
A. Rosa – IST - Technical University of Lisbon, Portugal 
C. Ruggiero – University of Genova, Italy 
V. F. Ruiz – University of Reading, UK 
A. Santos – Universidad Politecnica de Madrid, Spain 
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Wednesday, February 13, 2013 
 
07:30 – REGISTRATION 
Location: Diesner Foyer 
 
08:00 – 08:30 BioMed WELCOME ADDRESS 
Location: Hall Strassburg 
 
08:30 – BioMed SESSION 1 - BIOMEDICAL SIGNAL 
PROCESSING SYSTEMS AND CONTROL I 
Chairs: TBA 
Location: Hall Strassburg 
791-156 
Automated Extraction of Principal Components of Non-
Structural Protein 1 from SERS Spectrum 
Afaf R. Mohd Radzol, Yoot K. Lee, Wahidah Mansor, and 
Faizal Mohd Twon Tawi (Malaysia) 
791-159 
Changes in Bilateral Phase Synchronization in 
Parkinsonian Tremor Related to Amplitude Difference 
Sang Kyong Kim, Hyo Seon Jeon, Han Byul Kim, Ko Keun 
Kim, Beom Seok Jeon, and Kwang Suk Park (Korea) 
791-141 
An Electro-Mechanical Contact Formulation for Dry/Wet 
Electrode-Scalp Interfaces in an EEG Headset 
Vangu Kitoko, Tuan N. Nguyen, and Hung T. Nguyen 
(Australia) 
791-100 
A Time-Series Pre-Processing Methodology for Biosignal 
Classification using Statistical Feature Extraction 
Simon Fong (Australia), Kun Lan, Paul Sun (PR China),  
Sabah Mohammed, and Jinan Fiaidhi (Canada) 
791-077 
Wrist Pulse Signal Acquisition System Design 
Bhaskar Thakkar and Anoop L. Vyas (India) 
791-149 
Computer Models for Gait Identification and Analysis 
using Autonomous System for Control and Monitoring 
Ivanka P. Veneva (Bulgaria) 
791-126 
Knowledge Discovery and Knowledge Reuse in Clinical 
Information Systems 
Jon D. Patrick (Australia), Leila Safari (Iran), and 
Yuzhong Cheng (PR China) 
 
 
791-158 
Cauchy Wavelet-based Mechanomyographic Analysis for 
Muscle Contraction Evoked by FES in a Spinal Cord 
Injured Person  
Eddy Krueger, Eduardo M. Scheeren, André E. Lazarretti, 
Guilherme N. Nogueira-Neto, Vera L.S.N. Button, and  
Percy Nohama (Brazil) 
791-174 
Wavelet Filter Proposal to Attenuate the Background 
Activity and High Frequencies in EEG Signals 
Geovani R. Scolaro, Christine F. Boos, and  
Fernando M. Azevedo (Brazil) 
 
10:30 – 11:00 COFFEE BREAK 
Location: Diesner Foyer 
 
11:00 – BioMed SESSION 1 CONTINUED 
Location: Hall Strassburg 
 
12:00 – LUNCH BREAK 
Self-Catered  
 
14:00 – BioMed SESSION 2 - MEDICAL IMAGING 
MRI ROBOTICS MONITORING I 
Chairs: TBA 
Location: Hall Strassburg 
791-026 
Assessment of Asymmetry in Dermoscopic Colour Images 
of Pigmented Skin Lesions 
Joanna Jaworek-Korjakowska and Ryszard Tadeusiewicz 
(Poland) 
791-081 
Automated Processing Pipeline for Texture Analysis of 
Childhood Brain Tumours based on Multimodal Magnetic 
Resonance Imaging 
Suchada Tantisatirapong, Nigel P. Davies, Lawrence 
Abernethy, Dorothee P. Auer, Chris  A. Clark, Richard  
Grundy, Tim Jaspan, Darren Hargrave, Lesley 
MacPherson, Martin O. Leach, Geoff S. Payne, Barry L. 
Pizer, Andrew C. Peet, and Theodoros N. Arvanitis (UK) 
791-105 
Evaluation of CT-based 3D-Printed Colon Models for 
Surgical Operation Planning 
Nikita Shevchenko, Sonja Gillen, Hubertus Feußner, and  
Tim C. Lüth (Germany) 
791-128 
Analysis of Right Ventricular Remodeling using Curvature 
Histogram Comparison 
Soo-Kng Teo, Si-Yong Yeo, Chi Wan Lim, Liang Zhong,  
Ru-San Tan, and Yi Su (Singapore) 
